Air-dried aerial parts of wild Cladanthus mixtus were collected from two different regions of Morocco, Bouznika and Oujda, during 2011 and 2012. Forty individual plant samples were hydrodistilled using a Clevenger apparatus and the obtained essential oils were analyzed by GC and GC/MS. The yield obtained varies greatly with a range of 0.3 to 0.8%. The chemical composition of C. mixtus oils changes from one region to another. A total of 53 constituents were identified. To the best of our knowledge, two chemotypes were defined for the first time for this species in the regions studied. 2-Methyl-2-trans-butenyl methacrylate (32.8-35.2%) / ar-curcumene (13-14%) characterize the chemotypeof the C. mixtus plants from Bouznika, and trans-β-farnesene (35.5-50.3%) the chemotype from Oujda.
The Anthemideae (Compositae, Asteraceae) is a family of herbs and shrubs that includes many species that are economically important, namely for their essential oils or for use as spices. This family is represented by 601 species growing wild in Morocco and represent about 14.3% of the total distribution of different plant families of the Moroccan flora [1] . Recent floristic literature has adopted new names for genera of Anthemideae (Compositae, Asteraceae). Based on phylogenetic analysis of Chamaemelum Mill., the newly adopted name for the genus Ormenis, previously called Chamaemelum, is now Cladanthus [2] [3] [4] .
Cladanthus mixtus (L.) Chevall [= Chamaemelum mixtum(L.) All. Anthemis mixta L.;Ormenis mixta (L.) Dumort.] is a herbaceous perennial Asteraceae (= Compositae) plant. It is a spontaneous plant that grows in Morocco in sandy soils [5] . In Morocco, this plant is mainly used for essential oil extraction and the oil is used in the perfume and pharmaceutical industries [6] . Recently, the chemical composition of C. mixtus growing wild in different sites of Morocco and the effect of the different plant parts, particularly flowers and leaves, on yield and chemical composition of the essential oil were reported by Elouaddari et al. [7, 8] . The chamomile species have shown important antiseptic, anti-inflammatory, antibacterial, antispasmodic and sedative effects [9, 10] .
The chemical composition of the essential oils and the chemotypes of several Anthemis and chamomile species from different countries have been extensively studied and reported [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, very few studies have been reported on Moroccan C. mixtus essential oils.
In continuation of our investigation of Moroccan aromatic flora, this study aimed at focusing mainly on the intraspecific variability and chemotaxonomy of C. mixtus, particularly in two different regions, Bouznika and Oujda, by collecting several individual samples at the same stage of development in each region. In Morocco, the essential oil extracted from this species is used on a large scale and the industrial essential oil producers distil the plant collected from different regions without taking into account the variability of the chemical composition. Moreover, there is no program to highlight the assets of this plant despite the high added value of its essential oil.
The oil yields of C. mixtus are given in Table 1 . Examination of these results shows that the essential oil content varies greatly between the two regions. The oils obtained are yellow. The yields varied from 0.3 to 0.8%, with the highest yield being obtained from the Bouznika region (0.8%).
In earlier reported work on Moroccan O. mixta, Satrani et al. [20] found a yield of 0.47%, while Zrira et al. [21] reported a yield of 0.4%. In our study, we have found comparable yields in the Oujda region (0.4%), but the yield found in the Bouznika region was considerably higher; this has not been previously reported. The values of the yield given represent the average of 40 determinations: 20 individual samples and two distillations each Fifty-three components were identified in the C. mixtus oils. Table 2 lists the retention indices and percentages (the minimal and maximum) of compounds identified in the C. mixtus oils collected from Bouznika (B) and Oujda (O).
As can be seen, all the essential oils were complex mixtures and there was important variation in the chemical composition between the two plant populations. that the strong odor of these oils can be attributed to the presence of low quantities of fatty acids, such as palmitic acid (1-2.6%). This suggestion is confirmed by Javidnia et al. [14] . The authors, while working on the chemical composition of the essential oils of the flowers, leaves and stems of Anthemis altissima, mentioned that the high content of fatty acids such as palmitic acid (39.6%) in the stem oil could explain the reduced odor of this part of the plant. However, the low quantities found of palmitic acid (0.8-2.6%) could explain the strong odor of the flowers and leaves.
On the other hand, some compounds are present in C. mixtus essential oil from Bouznika, but not in oils from the other region, such as sabinene, 1-octen-3-ol, β-pinene, n-decane, α-campholenal, camphor, trans-pinocarveol, pinocarvone, and myrtenal. Several compounds characterize the essential oil of C. mixtus from Oujda region, which are not found in the Bouznika oils, such as 6-methyl-5-hepten-2-one,n-octanal, Artemisia ketone, geranial and dendrolasin.
In comparison to the results previously reported for the oils of Moroccan C. mixtus, there were considerable qualitative and quantitative differences. Santolina alcohol (32%) was the major compound reported by Toulemonde and Beauverd [22] , Satrani et al. [20] , in the essential oil from the Kenitra region (37.7%), and Zrira et al. [21] [24] , while studying the chemical composition of the essential oils from aerial parts and roots of Italian Anthemis mixta L., reported that hexadecanoic acid (15.2%) was the main constituent, together with tau-cadinol (6.7%).
Additionally, trans--farnesene, the major compound (35.5-50.3%) in our essential oil of C. mixtus harvested in Oujda, was also the main component of Chamomilla recutita from India, Brazil, Egypt and Spain (18.4-52.3%) [25] [26] [27] .
In conclusion, we have determined the chemical composition of the essential oils of C. mixtus collected in two different geographical locations in Morocco. The difference observed has been attributed to the existence of two chemotypes. In Morocco, attention has to be paid by the Moroccan producers of oils so as not to mix species of chamomile during plant harvesting, particularly from the two different localities of the country, in order to promote C. mixtus as a main source of commercial chamomile essential oil.
Experimental
Plant material: Aerial parts of wild Cladanthus mixtus were harvested at full flowering during 2011 and 2012 in two different regions of Morocco: Bouznika (50 km west of Rabat) and Oujda (Eastern part of Morocco, 850 km from Rabat). For every region, we chose a parcel of land in which we selected 4 places with a surface of 20 m x 20 m. In each place we took 5 individual samples situated inside. Therefore, we took in total from every region, 20 individual samples, all collected at the same stage of development, in order that we could more reliably compare all data. Each individual sample was treated and distilled separately.
